Species of anaerobic bacteria isolated from clinical veterinary specimens were tested for susceptibility to trimethoprim-sulfonamides by the broth-disk elution technique. Three different media were used for each organism: prereduced anaerobically sterilized (PRAS) brain-heart infusion broth (BHI), thioglycollate broth, and a semidefined PRAS medium. Susceptibility results from these media were compared with those determined by interpreting the minimal inhibitory concentration obtained using an agar dilution technique. Results from broth-disk testing in semidefined medium agreed in 68.7% of the cases, in 53.7% for thioglycollate broth, and in 36.9% for BHI. The greatest deviation between techniques occurred with isolates belonging to the genus Bacteroides, followed by those of the genus Clostridium and those of the genus Fusobacterium. This deviation was directly proportional to increasing concentrations of thymidine in the BHI and thioglycollate broths but not with the semidefined medium. We conclude that the broth-disk elution method for measuring susceptibility of obligate anaerobes to trimethoprim-sulfonamides is unsuitable.
Obligate anaerobes are a component of approximately 25-35% of samples obtained from pyonecrotic processes of animals. 3, 6, 7, 12 Most of these conditions are treated in part with antimicrobial agents, the choice of which is guided by susceptibility test results. Trimethoprim-sulfonamide combinations are desirable therapeutic agents because they are easy to administer, nontoxic, and do little to disrupt resident gastrointestinal obligate anaerobes that prevent colonization by potential pathogens (colonization resistance). l5 Moreover, when tested by the agar dilution technique, 90% of obligate anaerobes isolated from animals were susceptible to trimethoprim-sulfonamides. 8 Agar dilution susceptibility testing is rarely used in most clinical laboratories dealing with samples obtained from veterinary sources because it is so labor intensive. The broth-disk elution method, however, is commonly used to assess susceptibility of obligate anaerobes to antimicrobial agents. Although results obtained from the disk elution and the agar dilution assays agree for most antimicrobial agents, 16 little is known regarding the suitability of the broth-disk elution technique for trimethoprim-sulfonamides.
The purpose of the present study was to determine the suitability of the broth-disk elution technique for testing susceptibility of obligate anaerobes to trimethoprim-sulfonamides. Two of the media that were tested (brain-heart infusion broth and thioglycollate broth) are currently recommended for use in this method. 10, 16 The third, a semidefined medium, was chosen to determine the suitability of the assay under conditions of low thymidine concentration.
Materials and methods
Bacterial isolates. Sixty-seven isolates of anaerobic bacteria were obtained from samples submitted to the Microbiology Diagnostic Laboratory, Veterinary Medical Teaching Hospital, University of California, Davis. Isolates were obtained and identified as previously described. 7 The samples from which they were isolated were obtained from peritoneal and pleural effusions (20 isolates), abscesses (17), bite wounds (2), draining tracts (4), oral mucosa (l), retroperitoneal lymph node (I), uterus (2), respiratory tract (2), wound (l), ear (l), gastrointestinal tract (6), urine (3), blood (l), external nares (3), vagina (l), fetus (l), and skeleton (1) . The animal species involved were equine (22 samples), canine (18), feline (8), bovine (7) , ovine (4), caprine (3), pheasant (3), nonhuman primate (l), and llama (1) . The following isolates were tested:
Bacteroides fragilis (10 isolates), B. splanchnicus (1) , B. thetaiotaomicron (1), B. vulgatus (1), Clostridium perfringens (16) , C. sordelli (2), C. hastiforme (1) , C. septicum (1) , C. sporogenes (l), Clostridium spp. (2) , Fusobacterium necrophorum (18), F. nucleatum (4) , F, morttferum (1), Eubacterium lentum (1) , Eubacterium sp. (1), Peptococcus indolicus (1), P. saccharolyticus (1) , and Peptostreptococcus anaerobius (4) .
Antimicrobialsusceptibility testing. Each isolate was tested for susceptibility to trimethoprim-sulfonamides (Tp/Su) by the broth-disk elution technique in prereduced anaerobically sterilized (PRAS) brain-heart infusion broth (BHI), a freshly prepared thioglycollate broth b (without indicator, boiled immediately before use), and a PRAS semidefined medium. c 10, 16 The thioglycollate and semidefined media were supplemented with vitamin K 1 (1 µg/ml) and hemin (5 µg/ml). The BHI and the semidefined media were prereduced and anaerobically sterilized as described. l Eight disks containing 1.25 µg trimethoprim and 23.75 µg sulfamethoxazole were aseptically added to 5 ml of each of the test media while holding the open end of the tube in a stream of oxygen-free carbon dioxide. This number of disks resulted in a final concentration of 2 µg of trimethoprim and 38 µg of sulfamethoxazole per ml.
Each tube was inoculated by injecting 2 drops of prepared inoculum through a 21-gauge needle (approximately 1.5 x 10 7 microorganisms) that had been inserted through the rubber-stoppered tube closure. The prepared inoculum consisted of PRAS chopped meat carbohydrate (CMC) broth d that had been inoculated with the test microorganism, incubated at 37 C overnight, and diluted with uninoculated PRAS CMC to match the density of a 0.5 McFarland standard. The cultures were incubated at 37 C and examined for growth at 24 hr. Isolates that exhibited no growth in control tubes (tubes containing no antimicrobials) were incubated an additional 24 hr. Susceptibility was defined as turbidity (growth) ≤50% of that observed in a similarly inoculated and incubated tube of the same medium without added antimicrobials.
The minimal inhibitory concentration (MIC) was determined by the agar dilution method. l3 Sensitivity test agar" was used and supplemented with pyruvic acid (1 mg/ml), vitamin K 1 (1 µg/ml), and hemin (5 µg/ml). Trimethoprimsulfamethoxazole was added in a ratio of 1:20, respectively, over the following range (µg/ml): 0.25/4.75 (trimethoprim/ sulfamethoxazole), 0.5/9.5, 1/19,2/38,4/76, 8/152, and 16/ 304. These plates were inoculated with 0.001 ml (approximately 1.5 x 10 5 microorganisms) of the previously described prepared inocula. Resistance was defined as at least 1 colony or a barely discernable haze on the surface of the medium containing at least 2 µg of trimethoprim and 38 µg of sulfamethoxazole per ml after 48 hr incubation at 37 C in a jar containing an anaerobic atmosphere (as produced by the GasPak b system). Streptococcus faecalis (ATCC 29212) was used as a control strain.
Comparison of susceptibility test results. The MIC, as determined by the agar dilution method, was used to determine whether an isolate was resistant or susceptible to Tp/Su. Isolates with growth on plates containing ≥2 µg trimethoprim and 38 µg of sulfamethoxazole per ml were interpreted as resistant. 2 The susceptibility of each isolate was also de-termined by the broth elution method using the 3 different media described. If an isolate was judged resistant (or susceptible) by both the agar dilution and broth elution methods, the results were said to agree.
Thymidine assay. The thymidine content of the broth media was determined as previously described. 11 Samples of unknown thymidine concentration were added to wells placed into agar f containing a suspended thymidine-requiring auxotrophic bacterium (Lactobacillus plantarum ATCC 8014).
After incubation at 37C for 48 hr in 10% carbon dioxide and air, the diameter of resultant zones of growth were measured and converted to µg/ml thymidine by comparison to standard curves constructed using known amounts of thymidine in similarly inoculated wells.
Results
Sixty-one of the 67 isolates (9 1%) were susceptible to trimethoprim-sulfamethoxazole as determined by the agar dilution method (MIC < 2 µg trimethoprim and 38 µg sulfamethoxazole per ml). When these 61 isolates were tested using the broth-disk elution assay, 44 (72.1%) were found to be susceptible when the semidefined medium was used in the assay, 35 (57.4%) when thioglycollate was used, and 20 (32.8%) when BHI was used. Of the 6 resistant isolates, 2 tested resistant by both the agar dilution assay and the brothdisk elution assay when the semidefined medium was used, 1 when thioglycollate medium was used, and 4 when BHI was used (2 isolates did not grow in this medium). Overall, results from both assays (the agar dilution and the broth-disk elution) agreed with 46 out of 67 isolates tested in the semidefined medium, 36 out of 67 in thioglycollate broth, and 24 out of 65 in BHI broth ( Table 1) .
The greatest degree of deviation of broth-disk results, as compared with those from agar dilution testing, occurred with isolates belonging to the genera Bacteroides and Clostridium. Members of the genus Fusobacterium correlated best of all, when tested in the semidefined medium.
Susceptibility of Streptococcus faecalis ATCC 29212
was only observed in the semidefined medium. These results suggest that thymidine was in part responsible for the disparate results observed between the 2 assays. The concentration of thymidine was directly proportional to the amount of deviation observed (correlation coefficient of 0.99 when percent agreement was compared with concentration of thymidine; Table 2 ).
Discussion
Our data demonstrate that the broth-disk elution test is unsuitable for assessing susceptibility to Tp/Su of anaerobic bacteria commonly encountered in pyoneerotic processes of animals (Bacteroides, Fusobacterium, and Peptostreptococcus). Agreement between the 2 techniques was greatest with members of the genus Fusobacterium; however, there was disagreement in 21.8% of cases tested in semidefined medium. There are too few isolates of Peptostreptococcus to warrant any conclusions. Members of the genus Clostridium, although not as commonly isolated, are agents of serious disease in domestic animals. 4 Results 'obtained using the semidefined medium, containing <0.01 µg thymidine/ml, did not compare well for species of Bacteroides and Clostridium. This concentration of thymidine is below the level reported to be reliably detected (0.02 µg/ml) by Lactobacillus plantarum, the recognized assay strain. 9 It is not known if species of obligately anaerobic bacteria are more sensitive to low levels of thymidine. If they are, our results suggest that this sensitivity varies among different genera.
It is not known why the broth-disk elution assay does not agree with the results of the agar dilution method, although thymidine levels appear to play a role. Thymidine in media is known to antagonize susceptibility of facultatively anaerobic bacteria, including S. faecalis ATCC 29212. 5, 9, 13 Whether broth-disk elution and broth dilution assay results would agree is unknown. We think this agreement is unlikely, however, because the agar dilution and the broth dilution assays give comparable results. l4 
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